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I. PURPOSE

This report covers the design and structural requirements of a thinwall

lightweight field and mobile shelter capable of transport by truck, cargo,

3/4 ton, 4 x 4, M-37, and by fixed or rotary wing aircraft.

Request for Quotation for research and develonment of two (2) lightweight

thinwall field and mobile shelters was received by the Acrosrace Division of

Twin Industries Corporation, Buffalo, New York, from the Signal Corps Procure-

ment Agency. The shelter to be designed and tested to meet the requireients

of a shelter of less weight and more structural durability as a replaceient

for the S-153 and S-144 type shelters which were at that time operationa

The nomenclature S-3180/G Shelter Electrical Equipment was assigned to he

new design. The physical appearance of the S-318 is illustrated on Finclosure

#I-1.

Preliminary conferences which subsequently resulted in preliminary ideas and

designs were submitted to the Signal C'orrs for evaluation and comment, With

past experience in design and development in the shelter industry, Twin

Industries was able to submit a workable plan at reasonalo costs. As a

result, in June of 1962 Twin Industries received a purchase order for research

and development of a lightweight thinwnll field and mobile shelter.

A meeting of Twin Industries Eingineering personnel and representatives of the

Government was arranged to discuss design requirements of this shelter in

detail. Comparisons were made to its counterpart, the S-153 and 5-144 shelter,

as an aid in accomplishing the desired end product. Accordingly, Twin engineers

started preliminary designing and testing to properly evhluate and select

materials that would conform to the rigid requirements of the S-318 concept.

Subsequently, preliminary design engineering was concludod and released to
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applicable in-plnnt deprtnicnts for analytical review relative to rrquircd

processes, wethod•, procurement, ,nm.'facturing and quolity ass;urrnnco.

The Planning Department established method procedures -iid manu facturin,,

operaitions. Time estimates were initiated to estab ish sched;:les covcrinp

procurement) detail fabrication and assembly.

Procurement Pepartrient reviewed enpineerinpy dat, to confirm .material require-

mcents based on type, size and quantity. Priority rating was establishc< on

purchased items of a special nature where long lead time t'ecamc anporeut.

Quality Assurince was advised through the media of rcleascd enTinCCring data

of the specifications governing all phases of the project. Raw stock, )ut-

chased parts and various items requiring certificatinn were closely insnected

to insure conformance to specifications and drnwings as npnlicnble. Ouhality

Pssurance was also responsible for all phases of test!; necessnry to estaflish

that all materials conformed to tho requirements as set forth. Test reports

were maintained for record purposes and any sý.bsor'unt review necessary. All

materials, purchased parts, fabricated parts or other~is were inspected nod

approved prior to rplease to minufacturin, demnrtmcnt.s.- The monufacturinf.

departments had been alerted through the media of conferences and prclimilmry

ongineoring inforwationi,. IMaterinlIs for dotnil fnbrication, sub-.-sscwhbly niki

major assembly hnd been Previously k'rocured through similar media. tetI.l

fabrication and assembly was controlled through process planning operntions

and by Quality assurance procoduros.

At this point, liaison engincorlnp w11s utilized to coordinate fnbrien;ion

activities with engineering drnwinps #-nd changes. It vns the resnonsilbility

of the.1nginooring D)opartmont to corefully chock and npnrove. the final stn).Cs

of fabrication of all parts. Drawings were kept up-to-doto, whereby reflect-
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!Nir .the fabri cation niroce s .co..,] ,.etcd, tile parts; re again che( !v-

(Qual.ity Control for conformance to drawings is we]l a- to stana, v,. accept al . . ..

manufacturing procedures, before final assembly or instailation. All p.arts s

were then installed and assembled to drawing requirements. lniai:,a ngineer-

ing was present to correct any area that was mis-matched or disc--,p,nnt. The

drawings were than up-dated before finnli zation for release to tV Signial Corps.

With the shelter completely assembled and painted, Quality Contrrc! in.;ected

the corHpleted item, checling all exterior and interior dimension:- Cor correct

fit, hardware, and final weight, to insure the shelter was i,, conformance to

the. requirements set forth.

The shelter was readied for shipment to its. destination by whatever mode of

t.ran.•;portation acceptahle to the Signal Corns.

1mgincering prepared a running et of drawinps to the -,ign:iI fr, cbe*c ings

rcvis ionsi colmments, and/or aiccntance. Any chock prints return, r , add i ti i s

del .tlions, etc. , were forwardkd ot the !nDji n.c rin, I)epa rtrent,* .t. k, vi "n i

w ert, e•orporated and it fina sulmi ,;si on was made.

All tests were conducted by the nlrocruring a•gncy. The seconld sh Iter fabri~l-

tion was delayed, pending the test results of the first shelter.

In ,January of 19630 the S-311 Shelter Prrlgrnm was t rans, ferred to T,, L1 'ri esQ%

Corporatioji, Snecial Protducts Divisiont, Syre, P'ennsylvnnia. At this time ,

request for re-desirnt of the sewoot' ",-318 Shelter, which wns cHl-. tfv%1d :is

Advanced i'r•,curemant Pridel 01, wnis received by tre Special I'rodu rs Ilivisiem of

Nin Industries Corporption. The Statement or Work included rc-desin, fabrica-

-3-
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tion and tests. The same phases of operation applied to this procurement

of the contract as did the first procurement, with one major exception.

Quality Control, in addition to its other re: onsihilitics, was to initiate

First Article Test Procedures to insure !ll requirements set forth in the

applicable specifications and requirements were met. Thicy established

scheduling of many tests and test facilities,whether within the facility

of Twin Industries or subcontracted.to another facility capable of meeting

the test requirements. The completed shelter was tested in accordance with

all. requirements set forth by the Signal Corps. All tests were witnessed by

a Government representative and were certified as complying to the require-

ments set forth. Fa, ilures were rejected, the discrepancy noted, repaired/

approved in preparatiori for a re-test.

II
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II. ABSTPACT

The receipt of the purchase order in June of 1962 initiated the basic

design, planning, material purchase, quality control, and manuficturing

of a thinwall, lightweight field and mobile shelter capable of being

transported by a M-37 truck and by fixed or rotary wing aircraft.

The design- and manufacture of the shelter began in June of 1962 and

proceeded through its scheduled phases of construction to May of 1963.

During its initial design stages, many problems arose in material

selection and performance tests. Forming and spot welding of material

to be used was, and still is, very critical. Holding the weight to the

required 300 pounds was an imnossibility. due to skin splices, doubler

strips, excessive adhesive, sealer, and paint, and door hardware weight

increase, all of which were not anticipated at the beginning of the

contract. The shock mounts design, although workable, created problems

which had to be contended with. With all unforeseen proble" areas, a

great amount of time was consumed than originally expected. Matorial

procurement delays added to the continual daily problems encountered.

The sheet stock in particular was continually unavailable. Whon the

shelter was completed, it wns submitted to the Signal Corps for evaluation

and testing. Twin Industries representatives were not present for any of

the tests conducted. The tests were conducted by the EIquipment IPvalustion

Branch of the Equipment Division in Auust of 1963. At the completion of

the tests, it was the opinion of the testing laborntories that the shelter

did not moot the roquiremnts sot forth by the Covernnieit.

The following January, 1964, an order was received for the re-design and

I -1-
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manufacture of the second S-31F Shelter. The shelter was rc-designed

using additional strength in the areas Of failuixŽl 7osultinjg from the

Signal Corps tests. Designi changes ille Ibi to the Signiil Corps

Agency were incorporated.

At this time, Quality Control assur~ed responsibility for conducting and

scheceuling of the required tests. Th~e S-318 Shelter, with one hecavilly

damaged wall resulting from vehicle on(! iailroid trinsportation tests,

was removed fromi test schedule and repaired. The repair was unacceptable

to the Signal Corps Agency; therefore, a new will had to be fabricated

before tests continued. Thc shelter agnin, is nn original. fabricstion,

had to be rc-tcsted to the schedule of the Government. Unon completion

and acceptance, the shelter was shipped and the drawings completed for

-final submission. Through design Find fnabrieation of two (2) S--318 Shelters,

changes which will improve the shelter are still beinp processed, tested,

and investigated. Since the deove lopment stages (,f this new shielter to

the present time, thirty (30) production units have been made, four (4)

of which were modified. The ond rusult. is a shelter of a more substtantial

structure, meeting all the requirements, of the original specification with

tho exception of tirget weight which haid increased from 300) pounds to

415 pounds.



II I. CONFINI:NC(3ES

.June 1)L62

Peprescntatives of the Twin Industries Corporati m - ie in, -,rps

Agency met at Fort 'onmouth to discuss the lightveigai, -,.ýiinwa l. l t."

design program. Twin Industries was informed that, ;t.d in " c

required design, test reports for the S-153 ShcJter would be fuirnish,:C,

which vt that time was u1i dergoing tests.

The P17I shielding problem wss mentioned that, although the fina1l] tos• •ý :'rc

to be conducted at Fort Monmouth, it may be possible th:i prelimin;.,rv ! -,;Ps

could be performed at Twin Industries by Sipnal Corps ,'rsorme it-, ,th n

expense to Twin Industries. The Signal Corps Agency sttud that ]1 heimal

barrier applications 'could be placed whore Twin [idustrics decided it ;-nuld

be best tond where it was compatible with the design. Snulis:sion of th,

designs and stress nnalysis was mentioned ns items to bu Supplied to thI,

Signal Corps. Mention was mado that the design pon] of' three hundred (3V(0)

pounds bl accomplished ult', at the ssime time, b~c of the bust possihle (1,;i n.

November 1962

lepresentatives of Twin Industries Corporntion agnln met with roprosent, tivos

of the Signal rorps Agency tt Port Monmouth, l)osign points of the lightweight,
,1

thinwall shelter wore discussed. The longitudinal mombors in the ocilitn., nand

floor were not wAnt tho Stigntl Corps expected; howevor, the Signal Corps

stated they would inve'Jttlgatc the situation further tn cstnblish if it would

be nccoptable. The . Ignnl Corps olso requestod frurther investigntion of the

shock skid. They wore ploesed with the attOntintion fi.urOs, but expressed

aim



conccrn over the height. Thc SCL specification called for a height of 2"

and our proposed skid with no load, had a 2.6" height. The reason for the

critical height requirement was to insure that the shelter when mounted r"n

an N-37 truck and loaded aboard an aircraft, the everi 1t he i gIt rcqui. rement

Would not be tight. At thIis time, exrnination of the S-153 which had .incier-

gone tests was possible. Tt was noted by Twin Industries representative

that a member in the i'all had collapsed with the first test and with each

succeeding test increased the amount of buckling, etc. 1hc lifting eye,

when tested, failed completely and h1. been pulled off the shelter. After

viewing these, discrepant areas on the S-153, Twin Industries was :-hJl to

incorporate and increase the structure to avoid similar problems.

Normally, loose equipment and lifting slings should be considered as part

of the shelter weight, but in the contract these items would not he considered

part of the weight. 1, equost was made that one lifting eye castin;', as used on

Twin Industries S-144 Shelter be forwarded for evaluation. In regard to 1,,1:1

shielding, it was suggested Twin Industries contact limerson and Cuminp in

regard to gccoshield which is a room cure sealer that has a high conductivity.

The product had been investigated by the Signal Corps PF group and found to

be one of the- best materials available,

I
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IV. FACTUIJ1, DATA

PART #I-

Request for Quotation for research and development of two (2) lightweight,

thinwall field and mobile shelters was received from the Signol Corps-

Procurement Office by the Aerospace Division of TWin Industries. Corporntion,

Buffalo, New York. As a direct result of design and cost analysis, a purchase

order was received shortly thcreafter,

Preliminary conferences held at Fort Monmouth, Now Jersey, established in

detail exactly what was to be expected from this new shelter. As nn aid only,

comparisons wore made to the S-153 and S-144 Shelters, both of which were

operational at the time. It was the intention of the Signal Corps to have ..

developed, a S-318()/G Shelter to replace both the S-153 and S-144, both of'

which were larger and weighed too much for the applications desired by the

Government.

The new configuration is light in weight, compact and structurally strong.

Enclosure #I-1 indicates the proposed shape and size of' the S-318 Shelter,

Statement of Work for the research and development of the S-318 consisted of:

Services and materials for a scheduled eighteen (18) months and a design plan

to conform to dimensions ns indicated on Enclosure 1.1-1 . Aluminum structural

membors were to be incorporated as follows:

a, At all corners
b. Adjacont to the door
c, All locations as shown on Elnclosure #1-1

The shelter shall be completely of sandwich construction with aluminum skids

riveted or welded to the outer faces of the structural mombors and riveted or

V



bonded to the inn er faces. If rivets ire employed on thc inner skins, they

sho ll be countersunk. Trim angles may be employed on interior corners, but

shall be flush with thic -inner, skins. All spa)ces ' Viretwn inner and outcr

surfaces of walls, roof aind f loor shal Ih e fi 1 lced wi th foam11-type corenarv r ]

bonded in place. There shaill be a indi mumn numb~er of* hent conduictitij p~aths

from insideý the shelter to the Outside. Toa this; end, there shall be risulat-

1 Pi g strips between the inner skins and all structural members.

The roof shall be designed to support a snow load an11d ice load of forty (410)

*pounds per square foot and shall ho cipabic of heinig walkedl oil by vii i ryZ

pe rsonnel. wearing hecavy field shoes. The roof shall ),oennioble of wi Or l~ dit nil

the ipact of the lifting sling dropping, onl it from i, ts t'l 1 ly ecxtended ho i ght

-7hi roof shall contain one (1) spring loaded haind hold locoted onc (1) oot

from thle roof edge centered on the~ folding steps.

The shelter shall be equipped with two (2) doors, One with in thed other~ whii ch

shall be centrally located in the rcar wall. r ho sma 11cr secction shanl he

capable of being opened without dronping thle tni Igite of' I-he t ransport i n j,

vehicle when- thle shelter is. mounted in it Corpo Truck NI 37, Blothi sections of

the door shall, open, outward, and shall include provi~sions for hlnding. the

doors at the 100 degree position. Door lotches of the dcocI bolt type shni I

Ilo provided and both sections shall havc simuitwicouis latching. at three (3)

p~oints. Ili* door latchas shall be simple and easy to opurate undor all

conditions, but shnM prohibit accidental opening when the sholter is baiing

transported or roughly handled! in any mannor. Tho door shall hiwe comp'lete

gasketing adequate to sioet climittic conditions and flotationl roquireiiients.

Each door shall be sufficiently strong to support I).A) pouinds applied at the

maximuum distance from tho hinge l~no. ThP door locks shall Ilo Ctontined ill

the door handles and shall be releasable fromt the Insidv without tho use or

~~ 020
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a key. Locks and keys shall be coded 11700.

The shelter shall be quipped with four (4) lifting eyes, one at each tipper

corner, for hoisting the loaded shelter with cranes, for heliconter pick-up

and transport, and to tie down the shelter in a M,- 37 Truck. The inside

clearance of each lifting eye shall be three (3) inches. The lifting eves

shall not protrude on the sides or the top, of the shelter. The lifting eye

assembly shall be attached by bolts to permit replacement without damaging

the shelter.

Two (2) skids, two (2) inches in hcight, shall be mounted lonritudin.il on

the undersurface of the shelter. These skids shall permit the shelter, with

6 full payload, to be towed for limited distances over rough terrain. The

design of the -skids shall be -compatible with the loading requirements of-

the C-119 Aircraft and N1 37 Truck. These skids shall be compatib le in design

with the requirements for towing eyes. The skids shall exert be, ring pressures

no greater than 6 psi when the shelter is loaded with a 1200 pound payload and

resting on a level surface. The skids shall be cnpable of supportinp the

entire weight of the loaded shelter at any point along their length when the

shelter is balanced on a two-inch diameter pipe placed under the skids, The

skids shall be attached to the shelter by bolts to permit replacement without

damaging the shelter.,

Two (2) towing eyes shall be provided on each end of the shelter. They shall

be attached td the shelter itself (not to the skids) and shall be conveniently

located for towing the shelter over rough terrain nnd for loading and unloading

from a Typo C-1l9 Aircraft and Type N 37 Truck. Inside diameter of the eyes

shall be 1-1/2 inches. The towing eyes shall not protrude on the sides or

bottom of the shelter. The towing eye assembly shnal be attached by bolts to
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permit replacement without damage to the shelter.

Two (2) recessed folding steps to provide access to the roof shill be in-

stalled at the right rear corner above the tailgate. They shall be

Eberhard Part No. 1-575709 as manufactured by Eberhard Manufacturing Co.,

or equal. The steps shall withstand a load of 400 pounds applied to:the

outer section.

The wall and floor structural members shall be capable of serving as supports

for the equipment installed in the shelter. Their design shall be such that

5/16 inch diameter steel rivnuts, or equal, serving as the attachment points

for the equipment, can be installed in them on the inner wall Ond floor ind

such that they can withstand the dynamic loads imposed on them th'roupIh the

rivnuts. Their section thickness, plus heat barriers and inner skin thick-

ness, shall be such that one grip length rivnut can be utilized throughout

the shelter.

A combination lift and tic-down assembly shall be provided for lifting the

shelter and for tieing it clown in a M-37 Truck.

Hardware for the shelter, consistinr of such items as door handles, shall he

operable by personnel wearing nrtic-typo gloves. The large mittoned hand is

defined as the human hand size extended 1/2 inch in all directions. All

locks, latches, hinges, as well as other hardware used in the construction

of ,the shelter, shall be treated to prevent corrosion.

The shelter shall be given a protective finish. This includes finish of

hardware such as handles, hinges, screws, etc., and necessary touch-up after

mounting. The final paint film on exterior surfaces and the door interior

shall be semi-gloss enamel, color OP.

04M
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The interior surfaces shall be light prccn semi-gloss cnamc], except, for

the floor which shall be lusterles~s ocein gray.

Wherever practicable, parts and assemblies shall be so iiioutintd thait identi-

fication markings will be readily visible with minimum dis-anss~irbly of thle

equipment. A data plate reflecting requirements for air transportationi

shall be provided. The shelter shall also bic provided with n a mlelpln1tc.

1all1 floor an(I roof mounting members shall be properly identified with

markings onl the interior walls of the shelter in order to provide locatiOil

information for mounting equipment.

Based on the requirements as indicated under Statement of Wkork, Art-i dcl I,

of the governing contract the following shall be suibmitted:

One (1) Preliminary Test Mode~l

One (1) Lnginecring Test Model

One (1) Set of Preliminary Manufacturers Drawings
(Non-Reproducible Type) cove rinrg I'roIi mlnary
Test Model

One (1) Set of Mnnufacturers Drawings
(Reproducible Ilypo) covering Engineerinp
Test Model

Monthly Reports and F~inal Report

Investigations and tests weor proposed to establish suitable materials which

would meet requirements sat forth.

Sandwich panel samples were fabricated and panol bow tests wore conductedA

using a variety of foam core and density, (See Einclosure I-IV-l)

Styrofoam 2-pound density was selected due to its greater compressabi Iity,

load carrying advantages which is roquired because of thin skin mastrial

and to keep the weight to a minimium.
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Sample strips of aluminum alloy were made and spotwelded together as shown

on Enclosure #IV-2 Alloy 707S-T6 Alcind was selected because of its 4

high strength physical properties.U

Extensive research had been initiated into the development of a shock skid

which would meet the critical requirements set forth. These requi rementsi

are: Material which would absorb shock, have excellent lond-bea'rinpg cipacity,

deflectior, eud 100% reset. Urethane elastomers were selected to meet these

requirements. Size, shape and durometor had to bc determined before tests

could be scheduled.

A preliminary weight analysis was established. (See Unclosure ITlV-3)

At this times total estimated weight was approximately 298.6 pounds;

approximately 1.4 pounds under the requested 300 pounds.

A preliminary stress analysis was forwnrded for evaluation anti comments.

(See Enc~losure # IV-4 IbTis analysis depicted speci fied loads on, the

roof, floor, end panels and special consideration to the canti levered shelf

assembly, which absorbs a great deal of the applied loads of the equinnhont

that may be mounted on the seat.

From June until August of 1962, preliminary desipn3 aind tests were cnntinunlly

being advanced, On September 1, 1962, the first of a proliminary set of

drawings consisting of the completed shelter asseu'dly, details of the vol Is,

doors, and skides, was sub~mitted by Twin Industries Corporation to the Signal ror1ps

for review and cemment. The scheduled delivery of the first unit could not bo

wt, resulting in the Government granting an extension to .Ianiaary 31, 1963.

In October of 1962, the following information resulted in extensive investign*-

tion and research of a shock desi gn:
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A molded urethane elastic tube (Dunlop trade name "Duthane") enclosed in

a telescoping skid channel indicated good promise for acceptal'le shock re-

duction at reasonable wcight and production cost.

Lightweight shelter requirements, specify two (2) skids along the 74" shelter

length. Allowing 2" for ramp slope it each skid end, we arrived at an

effective length of 140" of shock absorbing tube for the shelter.

The requirements further specify a shelter empty weight of 300 hounds m,:xiinium,

plus a payload of 1200 pounds, totaling 1500 pounds. The result is a static

load of 10.7 pounds per linear inch of shock nbsorbing tube.

In the skid samples made for static and dynamic tests, moidocd IDuthnne tithing,

96 durometer (Shore A), 2.5 inches outside disieter, .25" wall thickness,

molded in 12" lengths, were used. This tube, when placed lengthwise in the

skid, necessitates a 2.5" square cross section of the skid channel in the

static load position. Sample #1 of lnclosure 0 IV-6 shows the tube so

arranged. Static test cure, Enclosure # IV-7 shows satisfactory load and

deflection values for such a skid. Ilowevor, requirements specify a skid

height of 2". The width of skid is not given, but scaling of Signal C0ors

drawing indicated a width of 3" was desired. Ile noted it was not adviable

to place a 2.5" diameter tube in a 2 x 3 inch channel, and recommended the

use of a 2.5" square skid channel or place a tube of 2" diameter acr~ss the

skid channel as approximately shown in Sample #2 of E.nclosure # IV-6.

Static test results, depicted in Enclosure #IV-7 , shows thfl for tubinp

of equal diameter and total length, f loss of 50% of load bearing capacity

results when a tube is placed across the skid centorlino. It was noted if n

2.5" skid height was not acceptable, experimentation with a 2" dinmeter tube

placed either along the skid centerlino in twin fashion or across the centerlinet

was to be applied.

4,1-
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Two (2) pieces of test Sample #1 (See Enclosure # IV-6) were drop tested

to determine the amount of deflection and general performance. The test

result is shown on Enclosure # IV-8 . Recorded values are for the corner

wh'"h .indicated the most skid deflection on an average of two (2) drops per

each drop height. Dis-assembly and inspection of the samples on completion

of 36 drops disclosed no damage except for a slight galling of the rubbing

surfaces of the aluminum channels. This condition is undesirable because it

slows recovery to full skid height after impact. Teflon spraying of rubbing

surfaces or formica rubbing strips will correct this condition.

To assure continued progress, the following action was required:

Procure four (4) channels of impact measuring equipment.

Obtain a fullsset of basic drop test data on a S-144
Shelter loade4 to 1500 pounds.

Produce one (1) spt of shock skids, with provision for
drop test with Duthane tube in either the "in line" or
"across" directia.

Repeat basic drop"•tests on a S-144 Shelter loaded to 1500
pounds with one (1) set of shock skids with provision for
test with Duthane tube itYeither the "in line" or "across"
direction.

Conduct tests on a 2 x 3 inchskid cross soctioý if a
2.5 x 2.5 inch skid is not acceptable.

In December,;ef 1962, review of Twin Industries' design was approved by the

Signal CorpSiwith exception to the longitudinal structurals which could bo

utilized providing additional testing could substantiate that the dosin

would stand %t0 under loads required by the racks in the sholter.

Skids were appioved With eXception to the height. 2-inch height was again'/
stated as a rigid requirement. In addition, drain holes wore to bo added to

relieve water that could be trapped during fording tests.

In December ot'ý1962, procuremont of materials and fabrication bogan. At this

-8- _ (



time, it ws obvious that the delivery date of January 31, 1963, could not

be met. An extension to March 13, 1963, was requested. T'he request was

granted on January 9, 1963.

In ,January of 1963, material such as extrusions and premium sheet, which

have a long lead time on delivery, were not heiny, received. In addition,

a definite date of receipt could not be given.

It was noted engineering completion depends on procurement and fabric:,tion.

1Vithout final fabrication and assembly it is impossible for lEngineering to

release finalized drawings as they are dependent upon conformity between

the finished product and completed engineering data.

At this time, anotlher extension was requested duo to unexpected delays in

raw material procurement. The request was granted by the Signal Corps,

extending the date to April 12, 1963.

Prior to the above date, most delays and problems were primarily due to

procurement of material. In April of 1963, difficulties in bondinp, were

encountered, making delivery impossible. One panel which had been fnhbricated

was unsuitable for actual use on the shelter; therefore, nnother had to be

fabricated. The rejected panel was used for static load tests. (See

Enclosure # IV-9 ). As this %.,'s construed as a technical difficulty, which

does not warrant an extension in delivery, it wns Twin Industries' responsi-

bility to state that this type of construction uns now and required complete

research and devolopmuict. It ,,s ,,ot possible to accurately predict all

potential problem areas. As mi example, the nnimmtit of rescrirch ond develop-

ment work which was done on t'ie shock skids alone was over and above contrnctunl

requirements. It was the aim of I'win Industries to construct a shelter which

would favorably pass nll test requirements and be accoptacle to the spocificn-



tions and standards of the Signal Corps Agency. To accomplish this, additional]

effort and expenditures by Twin Industries was to be expected. At this point,

random thoughts for improvements were also being noted, which included:

Floor and Step-Wall Assembly - This part takes most of the drop test nbusc.
Skin and structure must match perfectly before spotweldinp. because load must4

be taken by both at the same time. Our present design (all types) calls for

a brake-formed outer skin and internal structure welded at the corners. Since

such details cannot be made to zero tolerances to get the perfect match neces-

sary to take the load, the skin will wrinkle along cdpes and corners on impact.

Production adjustment must be provided to obtain the necessary match.

Spot Welding - Sound spots of adequate diameter and proper spacing are an

absolute necessity. In addition, the flatness of a thin gnge skin must not

be destroyed in spot welding. The spot welding on this shelter is very unsatis-

factory as evidenced by the many spots which "popped" during shelter assembly

and had to be repaired with rivets. This item may cause serious trouble on

test. Up-dating of spotweld equipment and procedure, and stricter quality

control, is necessary.

Panel Bond Assemblies - Uniform wall thickness, straightness, flatness and

adhesive soundness is important on any shelter ponel and most important on

lightweight construction. A panel with .016 skin cannot be aissembled in the

same manner as one with a .040 skin. The following points should eo adhered to:

a. Skins must be flat. Dents, wrinkles, bulges and oil cans
must not be tolerated.

b. Internal details, such as foam core, structural members, and
insulating strips, must be of matchinp uniform thickness.

c. Foam cores must fill their respective arenas complhtoly, If
they do not, adhesive will fill the void, adding t ýcossivo
weight.

d. Adhesive must be applied only to the surfnces to be bonded.
Adhesive must be applied to form a film of even thickness.

-10-

.1 '



C. Flat and rigid overlay plates must bc used when bonding panels
with skin of less than .032 thickness. Stepped structures,
such as the floor and shelf assembly, require a rigid and
accurate form to nest the outer skin.

f. Framed openings for doors, windows, etc. must be licid to size
and location with braces or plites.

g. Bonding pressure must be applied evenly over the entire area
of overlay plates. If vacuum is used, it must he prevented
from getting betwecen skins annd overlays.

Skin Splices - Skin splices cannot be avoided on most shelters, especiAlly

on skins which come in comparatively small sheet sizes only. A good splice

must be strong, tight, light, practical to male, and neat in appearance.

Spotwelded overlap, used on this job, is not aidequate. The "folded seam"

approach should be investigated.

Foam Core Data - Foam core data is far too meaner, unreliable and spread over

too miry pieces of advertising literature to be of much use to the desiner.

The laboratory should re-test the characteristics given by foam manufacturers

for some of the most common types used, and issue one composite data sheet

for ready use.

Rivets - The shear strength of a riveted joint is weaklened when a thin galge

skin is deformed during the process of making the rivet hoad. 'This is

especially true when the design calls for a rivet head to be made on the side

of the thin shoet such as joining the outer skin (.016) to the ondhand (.125).

A drill will not give a hole of satisfactory diameter and roundness in light

gage sheet, necessitating the use of drill-reamer combination tools on light-

weight construction. In addition, it is necessary to spotweld doubler strips

along thin gage skin edges which are to be riveted.

l1ireaded Blind Inserts - A rivnut will provide adequate, holding power and

torque resistance when it is installed in solid •,ital in accaordance with in-

-ii-
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stal lotion instructions. However, when installed in an sandwich structure,

the holding power is miarginal or inadoquate when st~indard, installation

instructions are used] insofar as drill size and Prip lcnpth is concerned.

A drill which produces l satisfactory hole in solid metil will produice a

sloppy hole in a Sanidwich structure. Dluring installation of the insert

in such a hole, thc rivaiut will first expand1( to fill the hole and the

remaining length will he too short to form a head of adequate dinameter sind

f latness.

Since the severity of the above condition is i n di rect prePort i on to the

softness of the rilywood strip and thinness of skin, the hole size (inot dri 11

si ze) and grip length of' o rivnut should be0 stated onl each drawing.* Iii

drilIling insert hlens through sandwich structures, an'll cri nnti on dri II - remer

tool should again be consi dered.

The merits of inserts other than rivnujts muiist continuec to he investipa1ted.

Shiur-L~ok F:isteners Collpany representatives hanve, an exileriplentll inlsert

(SL-81' series) with a knife thread onl :its outer di amete'r. Thiiis inseil ti: can

be s crewed into the undersize hole of' a sanncwi ch sntrileture similar if i

sel1f-t:app in p screw.* The ir test; report shows a ')ul-l-it powver of' ?600fl, 2 70 0

and 2P,00 pounds Onl a typical sholter sanclwi cih Structure.

Southco r-asteners Comipany reproseit~itives have also submitted experi nonta i

inserts 'for test.

It was expressed nt this time that~ it would he wortliwhji h to encourago their

efforts by dupli calte testing andi eva luaU on.

In corporat ion of irillrovemoeits as stil po,'sted wo ild i'es nt il I abet tovr 111d moIrc

economclue product.



The first shelter was completed and shipped to the Signal Corps an

May 2, 1963. On May 3, 1963 one (1) set of preliminary manufacturing

drowings were submitted. It was the responsibility of the signal Corps

to test and evaluate the shelter construction. During these tests,

Twin Industries' personnel were not present. The tests were conducted

from May to August of 1963 by the Signal Corps Equipment Ev.aluation

Branch. Results of tests conducted by the 'Signal Corps were indica1ted

nii the enclosed EDT [Vata Shecets CEnclosure N . V-1) submitted by the

Equipment Evaluation Branch to Twin Industries Corporation upon request.

Also forwarded were photographs of failinp areas resulting from railroad

humping tests.

It should be rioted that prior to compiction of tho lighitweight shelter,

a weight comparison analysis was made, as were center of gravities. Our

weight analysis indicated a weight- cipty of 323.4 pounds, including IS pouinds

excess for shock skids ant! 5.4 pounds excess for longitudinal lint sections.

B~oth of these items were not a part of the original 300-pound estimate.

As shown on Enclosure #- IV-1() , the actual weight is 342 po~unds, or 18.0

pounds over the calculated analysis. The additional weight was dlue to a

combination of the following:

a. Increase in side pannel skin thickness because desired
thickness was not readily available.

b. Skin splices wore necessary because shoots of sufficient
size wore not readily aivailablo.

c. Stress analysis indicated the need for doubler strips aleng
some of the thin gage skin edges to give more hold to rivets.

d. Door hinges and latches weigh more than catalog weights.

a, The use of adhesive, scaler and paint wns excossive.

.13-



The hoist sling, payload mounting rails and dummny riylond was nnt included

in the shelter weight.

The Lightweight Shelter Status as of IVay 22, 1963 was is follows:

a. Test Shelter No. 1 and one (1) set of prclintinary mafatr
ing drawings was shipped to Fort Monwoiuth May 3, 1903.i

b. Signal Corps estimated 120 days to test Shelter No. 1.
Twin Industries was to provide test assistnnce vs rc-
quested and eliminate possible failures by re-design ind'
repair until tests were successfully completed. As o F thc
date of the status, Twin industries received no requcst
for test assistance.

C. Upon acceptance of Shelter No. 1, Twin Industries was to
make a set of final manufacturing driwinizs and produce
Shelter No. 2 to thosc drawings. Shelter 'No. 2I was lsoiI-
to be tested at Fort Monmiouth. Signal Corps estimated n
30-day test period. Twin Industries was also to provide
test assistance as requestedl, and mako re-designs and repairs
as necessary. Upon completion, TWin Industries was to f'urnish
a complete up-to-date set of rnanufnctturinp drawings.-

d. Twin Industries was to furnish nine (9) progress reports ind
one (1) final report. Four (4) progress reports were sub-
mnitted, and the remainder were not required.

e. The number and spread of engineering hours required to
complete the program depended upon the success and duration
of the test program controlled by the Signal Corps. Ilic
following is a rough engineering hour estimate depending on
the above conditions:

1. Shelter No. 1 Tes'titiison,, Ie-dosign, Repair 240 hi's.

2. Final Manufacturing D~rawings 200 hi's.

3. Shelter No. 2 Manufncturing Liaison 80 brR.

4. Shelter No. 2 Test Liaison, Po-clesign, Popair 120 lirs.

S. Up-date rlnal Manufacturing Prnuinps R0 hrs.

6. Preparo Poports 00 hrs.

TOTA 1 790 hirs.

- 14-
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FIG. 1 AREA SHOWING THREE WELD POINTS IN SHELTER ROOF OPENED AS RESULT OF
R.R. HUMPING TEST WITH SHELTER SECURED IN LATERAL POSITION ON FLATCAR.

/A

FIG. 2 DAMAGE AREA tt' NEAR ROOF ANGLE Of SlILI.liR. SHKITER SECURED IN
LATERAL POSITION ON FLATCAR FOR R.R. HIIMPIN( TESI.

M-63-740
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FIG. 3 DAMAGE AREAS I'1l AND "2" AS RESULT OF R.R. HUMPING TEST. SHELTER
POSITIONED LATERALLY ON FLATCAR. SHELTER ORIENTED WITH LEFT SIDE
FACING IMPACTING FORCE FOR AREA 1"DAMAGE, AND AREA "2"1 FOR RIGHT
SIDE FACING IMPACTING FORCE.

, Al

FIG. 4 ENLARGED VIEW Of I "r' S'PIIOII r)AMACE TO WELD POINTS~t OIN LEllT
REAR Of SHELTER.



FIG. 5 CLEARANCE AREA AT TOP OF SHELTER LARGE DOOR WIDENED AS RESULT OF
R.R. HUMPING TEST.

FIG. 6 DAMAGE TO SHELTER FRONT EK.D, AREAS "I" AND "2,AS RESlJLT Of R.R.
HL*¶PINC TES;T WI7H SHELTER POSITIONED LATERALLY ON FLATCAR.

M-63-742



EDT DATA SHEET

StTBM UNDER TEST (XE- ). SER. NO.
ca $Are•", Te-"/ -,s_ /A l w/•,4 •• 4 4 L. t6: T7'W C 1# C.- --

PART OF/OR USED WITH (XE. ), SER. NO.

EDENTIFICATION ,,
TESTING ACTIVITY

TYPE OF TEST Zo9V z 0 4Z• ,.• T, 7-

,- I .... T ES PL T . .. ,

IQUIPMPNT COMPLIED I _H1R.& ~(f 'f,~..
t,- ISSUE DATE

NYT DID HOT COMPL PY ...I.....

,ILRA Pi .Ih ''I ,. , . , . .. ,,.., • A9.t'P jyep,., jlh. pgt.IIOlM ISIA.,1 ._ . Ii., *3 . •



£IVCZ iZ•-//- 7
EDT DATA SHEET

ITEM UNDER TEST (XE. ), SER. NO.

PART OFOR USED WITH (XE- SER. NO.

/v

IDENTIFICATION

ScL-43 q6 S5"Dc 6
TESTING ACTIVITY

TYPE OF TEST FO P/N 0

/.0 RQ'.IR'r '3.36

1~o PRoc•u'?~u • •.4./5

* TET . ... C & •T

AA~ .A4 R.R. AA,
4~~~~~~~& 4A- 4cL9vi1ij3p

TESTED &YTE 
TCEQUIPMENT COMPLIED ;. *4L C;

-- - ISSUE DATE

EQUIPMENT DID NOT COMPLY X 4L.-

L , __ !- I i s" 6 3 •f fl u stl4 .I 4 I m i h . 4 ........ w , 9i, thtf 1 %2 •.



FDT DATA. 'HEET

'I'iTM N)R T -VlT (XE )L I-R ,NOif -w .J
[P-ART OFý OF~ US Eb WTH (XF ) SE. N

1:DEINTIFICATION -0

ScL- 4 3 KAIDdVC
"f ESTING ACTIVITY P 1, - B

TYP-E -OFTEST O IG___

ZFORPD CE7DQC,

240 PR caoi
~4

~u24 *4'46'

pAL44("'&r LjA

*ir4ý Ld&AAAp

____________TE STED BY TEST

EQUIPMENT COMPLIED
WIT~tS~D -ISSUE DATE

EQUIPMENT DID NOT rOMPLY M.M
7rA~~~~~~~~~~i8~~~o A .9p"'p*,f*,'~P -A v , . t*..U ~A



EDT DATA SHEET

ITEM UNDER TEST (NE SER. NO,

PART OF ;OR USED WITH -(XE ), SER. NO.

IDENTIFICATION

TESTING ACTIVITY EQ

TYPE OF TEST "- /'

/.0 Q••J•M r: t y.27, /

10

EQUIPMENT COMPLIED x 0
ISSUE DATE

EQUIPMENT DID NOT COMPLY W S

_pni* / of of ip.n

I )on' 63



EDT DATA SHEET

'ITEM UNDLR TEST (XE- ), SER. NO.

PART OF/OR USED WITH (XE- ), SER. NO.

IDENTIFICATION

TESTINGACTIVITY VA 6YAL d .

TYPE OF TEST F ,/"T

R. C0 1RCf N -

74-

Z~o ~'ESO7 0 (9 Z4

*.4 •-d- 70 g. d,,,,.'

-Zreý 1 *4w 40k9

- TESTED BY jTEST
EQUIPMENT COMPLIED .. e, M " .

I---*-*.-- - -- ISSUE DATE
WITNESSED By A" 0a

SILRA F- 1(M) $ twop~lIeos Vut3•014, wb•hiC1 m•. e bood -"III 014rUtEd)



CONT I NUED

4 ----- CL-) ,h.~

"- ... •~ -, -.- ,"• .

if

P 2 OF OF A - i



L> .,&SHEET ~A~L?

FL iŽT1 I) SEP NO.

xr SEP~ NO.

8cL~~ -- 36_
?TEST !NG ACTIVITY

I i-' TEST(A~: ~ '''~'

A" E &W UL IR c- %jA4*.~#

-7. 0 AlL cs w- 7--4

TMED bf TEIy~

us 4 F4 0

LSUE DXTE
WTNESSED BY -

EU E;4IDDNOT COMPLY. ri

~ ~ ~ *g' ~ ~ q~ ~ w~e .tIJ a~uge...l Al.~Iro of of h Id'



. ZC 0a z cre n t r,,ct . s VC-. 1)v t. ;.t~t t k i

rrent of the Speci,`1 Prc,- ucts ,vs.i o. i, .imnr . . ] 4)4. It e'11)n i !ed

speci ficat iomn chalcs a11d 1;oOi fi cationsi

On December 12, 1963, a cost and price analysis miwcndment was sul,mitted as

indicated on Enclosure I I V-2-!

The A•vanced Development Model No. I contract and specifications were

reviewed and Engineering initiated design chanres as agreed upon by Signal

Corps and Twin Industries. The changes consisted of:

Solid one-piece skids in place of shock type skids to be
3" wide x 2" high to catch ribs of P.1-37 Truck.

Overall height extension of 6".

A wecight increase to approximately a0() pounds.

Extrusion material could be increased to 1/P" thickness.

Locking mechanism to b~e wO thin the door handle itself.

Skin material to be 7075-T6.

Core material to be UB 150.

liat and extrusion mate ri a I 600,i-T' - 7o)75-T(..

Gussets under the shelf, providi nP they missed the wheel
wells.

Dloor height increase.

Stop and handles locater! to curbside wall and close to
the corner.

Tests were conducted to evaluate and decide w1,ht wateriea l wouI'' best fie

suited for fabrication and assezrb ly, and also give the best a11-aro|mid

strength requirement needed. (Sec Inclosure 0 IV-2-2 - IV-2-4 )



ity phys i cm I in spe , an c va iuat i ýn certai n cý ,mles :i!-c..,rcu'; tv ltc

andatory, such o.:

Sagdwich panel construction for additional strcnith to hetter
withstand solar loads and insert pulls.

Skids be relocated and widened to accommodate the ribs o4 the
,'-37 Truck.

Interlock features were required in the roof to decrease
potential pull-away or drop of the side member due to rough.
ha::dling or testing. The interlock features would also tend
to increase the overall rigidity of the shelter and distribute
shock to the floor and skids.

Gusset reinforcement under the shelf in the event of internal

support failure.

With the design changes and previous failures in mind, and the matcrial

selected, Twin Industries started procurement, planning and fabric•tion.

Preliminary design prints were completed and released before the end of

March , 1964. *i abrication commenced the begi ninninp, of Apri 1.

A problem encountered during fabric.ation caused some concern, but was solved

with a minimum amount of time lost. The door end extrusions (Sec !nclosure

N IV.-2-5 ) introduced a compression problem. It was necessary to ad:,pt

the door extrusion in such n way so as to pive maximum weather and PHl seal.

This waj•, •,o,.kijlisshed by desil-ning P !l'ur-l[nc extrusA . ! . would ,,ive an

interlock effect. h'ith tLe two Qxp*)scd tips depressin!, deep into t he PFH

mesh and silicone ruhl.,cr, thcrefore expanding the si liconle up and rrokint the

extrusion, mnkinp it 'enther-tight , the proble;' elitifi uateO,

Forminim 7075-U', alumninutn stee c ,. very di ffi cult due to (,is!t ant ri'currenc'e

of stretch crneks and tears because or the jovor f'i .aL nr oualit'y of the multeri;ta.

-2-
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The door handles and leks or inaSty agrlJ •mon W1.' Ui.,WCtc f11r tý'C

shelter security zind wexre not sturdy eCLOU(', for t'-c( 'n-r locktng devces.

(See Enclosure # IV-2- )

The gussets were eliminated in lieu of interior supports. It wns Twin

Industries' intention to use the gussets only in the event of iaternal falilure

of the structu'ral support due to testing.

The handhold located on the roof was put in line with a stiffener plate for

added mounting strength.

During the engineering and planning stages of the Advance Procurement Model Il,

TWin Industries received an order for four (4) additional S-318 Shelters.

These were manufactured and shipped, waiving tests. Because of engineering

changes incorporated during the 1nrnuffacture of these units (H2 - #5) the shelter

weight remained at 415 pounds.

Upun completi.n of the assembled shelter on Nay 12', 1914, the sheltur ws l('r-

warded to Bell Aerosystems inl Buftlo•Io, *,, York, f, tests nn May 13, 1']

lhc shelter was scheduled to underpo the following tests:

4. Moisture Pesistnncc
b, lheat "Transfer
cs High Temperature Test ind Materi•ls
d. I.ow Temperature
c. Airtijhitness lest
f. PrH Shiielding Test

Mnisture Resistance - The shelt-itr •was required to be canb•ble or withst ,n n,,

relative humidity up to t;00 for an indefinite neriod of timc otrd exlosure at

I -3-



t; C

i n a, ~i i ry :1t- x ) x. chIolc r-C, f ri p, -Imt edI by a 700 cubi c

fcOut t.c t021: : .. ~ td ;I-. liAs e ~Cs arer I. as n-l

to - 40"F, the pv er iý as i. riscto Clickt ri an 1 yes i ~stan heat s C'lJIcc to

obt taii the requi redl 1 000F riini nun: temp erI,)ture d i ffe rent in I. No vsicalI

signs of deterioration were noted.

hiph emier~iture - VICe shelt er, with doors cliosed, shall heTIc laccd i n I

chambr i~tI aj ntd at l,~ to The' [ "c ai sh:li he rcci roCUhi I It(

with v e ic-city Ilk'' CXcCC~kita sevell mi It-, pcr huýtr 1in l th i cinIIIty of, Ow

shcIt.L- r. A'fter thý- outsciA ,hlte r ',Kin ;ias "t di Ii zked 1betIeen 1,20,1 and

1 2 5 olp, the doors and thei r hinaýcs adIth sllopolrate- free ly. 'II e full

so o 1 c-rý10'1d ;h 1-1 t` I e Ie -r'Iie t !We I)C I. I CV iC II' h and u s de va I v

cclast ructedl c- di (YL-eat o 11 1 it o'i Itm C T lii I Ia ic t t i I tIt

the Clich L1 t.2tI -jlf l:Iit I, It i'isI 1C to! t o: ~t' the t"111 I look, silliu].

t inkaous Iv at -tic- root or a aý sc r;! cvc C iu v c Iedshl -

;it p ~C 1% 1a pid y :1i'- 1 c S ib l, I i 'lo at cI ;t'I5'!t C I , t l w 1lv I, IP

'Wt-vo 1, lull-s ( 1z. trd t~y C) ., Sy IVon ii o r co'! pcr vaeI h uI

!.ha~ilb w? arc-rged ir fiur ro-cIsvn -- UI r flirt- it rqut ick, rint'

opea~ tI.,!* v iaitl i pe rceýnt of, tin it' Iat-- ~ ja -i .i

lIc xrn- Ii-ule o .-ric (1;f !'our Lot, f~ttr 11'vI I Urti j-li el, the out I Ah I11 ~i

thill! Kag t'te,ý tý 1-C.-- rv,-1' as - - : ~ tire ý,I 1ýhS - v I't -~

cot l; lt:t ~(,, of' the fmt.r- ! -tar J--I r :10, liv ni r I crc-t'er:i tiure ,:;. I I hev i-ni -sed



'Ihu abov;. cý Cie :siai I e I -~ tetýLs V e 0

T. cis-t t dc:riain t, C i:. I~ I k LAct l I' I: : u ri

result (-F to." aV :v t j tir:

1110 alOvo tcstý l,ýs C08;K" JIUuC I o lad .1111 , ¶(1.Ib result s torv

satis factory.

Low Tcrnrcroture - The closed shelter' Was suf, Cctcd to three (3) cyc les of

low temperatures. The dOrrs , lratclde.S PTnd hInTges INCI to (OiIot,'tc froe,-j Jly llc

tested * The -Shelter was I a'Ced ill t he 700 cubic foot h(ws c r telrpe r~rt ore

cham~ber. Hi h test w.,s cooti~cted with th irty t lieO thrarocoup lel; ins ta 1llcd on

thcQ Shelter ;Ilik to!115intI e tC r ýero r r t'ertn iulisICd the

or. dOtcvirlerat.on it I!I 4:cs.T :~til 1iotlof thk loIter ý1ýI 1Osil1t (if, thisý

Airtij~ttors Pr T o'o0'sl to theL r''tolt :) vidu:'I~w sil 3 nrc'kI,sr

of riot lest' an .)./I inch riK +( > r c'I'1 ttoj fonijj (4) nt

after- initifl ,iii pm 'sure rI 2intc Ic> of 'Altoj.I 1 "fle doeloeicIt ie r

with the door clnosd, and vWi thioo? "he w o." addit iono I ';el iivi Acv ino 'I hfir

shelite r was i ned ill the "Cot cud i c C'oo thwst t otilre niatou-e o. ab

Hit~; ridin',Test Vlr' Ite.t .v;ooukict(', :it 1st'' p da.te I>fn I lu '

waF% repsi drek! :nd rc`ýv i' t ''t ir ti-t>-ý



1;;oni complc¶ tion o)f the tea-t schodule at Bell 'Aerosysterls , tile shelter was

aeuriedto Twin-i Industri~es for additionil test requi 'clxints Which werc

sceleen led ais follows:

silltelP oc - Instil 1ntion of test weirlirts to si mula"te a payload cci-)l

di t ion. Thc weights wvei-e distributed over nn nrea within thle shelter to

equal a 1200 pound payl),oad as indicated on Fnelosure Hl I V- 2-

,lunson Road Test - The shelter was suhJccted to thle following road tet on

lu c tecd at Tw,,in Industries Tlest Course. The shelter )nou;,!tod( Onl a trulck, 3/4 ton,

x 4 , Series %il37, was transported ten 010) times over the follm~ing sections

of the Munson tcst course in the fol lowinp, order ind at the indi cated speeds:

a. Course t%'as h)board (6"l wames siaced 6' apart) 5 ip
b). Belgian1 Block 20) mph
c. Padin] 1' lasbboar6 (2'' - V1 waves) 15 N11,11
d . Spaiced Burins fT.'' - 6"' waves) 20 (:!)It
U. Any Short Sections between tlit' Above 20 ioph

The te~sts werv run at 1 ,1 10, 15 anid 2.0 m1phi; tell (1PI' lap" each It 0each of' the

indicaIted snee's. Onec (1)1,1ap is; defined asrWsiu the Course ini Ioth

i:,rec I ons.

Thel( ;he It er was checkedý four (4) t inxes du rii n thle test * Tw~o ('.) siall dle I and -

it fli~&eV i 'cC one ill thQ I'root 'iil neoa 1h,, floor IISvocrls ide corvi,r

o~ vnc rtimi nup aI olou IlIoor ri se c erl-, i Ac it tlie rear rn ito

1', 1 io:Y luup Tet-Tesi'I rw tvoiied ini o t:nneir normally 115cd for Mhill.

r--,nt on n rai lroat' flat en r. Thv ls t &r ovi,'uticed oil i flat ;it rvt crh of trntack

A I t 5,;It:W pound cnr travel- I it Y'at 9 1 tliii. 1 lk .wlint cl. .2>:,e(%t cmr cvtijlhed It

.wr ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ef other cas(Ieko) ýr tvilllý 01.1r'

it %.t wre twil 'i, Qd; tip 2i.v tlit I '' l ~~ . iaI

thyu "ilt ev1r mndt!or)~e tt t lt:I ' c. ! relt i-it'It 0,d i ý-tplii

,.:*s selecteld hy le t~vr::eo i 1, i cw~ p'1 ii. i~t. I 1I1 Ie 4cI,' oj



in place were torn loose by the impact, tho tcst was to be repen~ted., The

result of the impacts is as follows:

a . lmp~act fil - 10.3 nipih - Front

No visible dainaý,'c to thle shelter.

Delail~inntion of the inside, sh~in rear panel between door
frame and roacls]de wall was noted.

C. Impact #3 - 9.7 riph - Curbside
Two (2) of the four '4) ticijown assem~blies broke during
impactý dluo to faiilure of bolt in turnbucklc assembly, one
of which cut a 1-1/4" tear through the outside skin of thle
'.Urbside panel. The weld, Joint of the lowe-r curbside door
frame corner cracked, causinp an approximate .1,25 separation
ait thle corner and buckling of the outsi de skin of the reir
end panel. "'Yo (2) broken spotwelds in the arcv of the lowcr
door hinge previously reported as loose, increased considcrably.
Small cracks appeared in welded corner Joints.

d. Impact #4 - 8.5 mph - Roadside
No further damage was noted to the shelter as a result of
this impact.)

After careful evaluation, it was (decided tiiat the damajire which occurred
during thle second ind third rai lroad impact could be attrilluted to
unsatis factory Welding and that the fai lure oif thfu lower door frame to
absorb the load caused considerable (Iamre to thle rear panel.

The addition of a reinforcement to strengt1on the door franic was necessary
before re-testing of the shelter. 'The fix involved] refaisteninp the
inner skin with rivet% in the area 6~f the fix.

e,. mpc #~5- 8.5 ranI - Poasi de
Inspection of the sholter shonwed tno further daniage to the shelter
as a result or thc test.

f. Impact #6 - 7.8 mph - Curbside
This impact hind to lie rc-run because the speed was considered to
he tod slow. ft ute aaet h hle

Inspection o h hle hwdnfrhrtniet h hle
as o result of the tent.

Slinr, Vrop Test, - rtic shelter %~as suSpendited ornroxi mawc'ly 1/2 ificI frem the

jgrou.-d by Moonts of thc. lift inp g ling asehl t . I't i hy vxtendet! hvighJt . 1114



sling assembly and shelter were dropped in frectfall so, that thle asSumh~ly

strikes thle roof oil the s1, Iter,. The test was repea"ted fi ve (5) time.,

with no visible Iamage, to the roof of the shelter other than slinp! indenta-

t ioils.

Skid Beiri~ng Tec~t - Thie shelter was rLalan-Icedi on q two-inch pipe along the

full length of thle sh~id. Nfo dloimare wa-s noted! as aresult of the test,*

Three-Point Support - Pnro. 4.3.3.5. Th~fe shelter was supported onl three (3)

corners by 6 x 6 woodI blocl<s. The dIoors opened and closed freely while

shelter was supportcd in position.

Flt rog - Para. 4.3.3.6. The shelter was raiSCdI eighteen (18) inches above

a concrete pad (measured froim the bottom of thle Skid) and allowed to fa~l

freely with skids impacting into the concrete. There wais no damagec as a

result of thle test.

Rotational Drop - Para. 4.3.3.7. The shelter was placed on a hard concrete

pad with a 4 x 4 inch member :i ,)(, dleQge under thle stild. The Opposite

edge wa's ma£Sdto a) he ight of.' Cii'lel (1IF) i nches (.Is reasured from the

bottom of the slkid) oid allowed to Call freely onto the concrete. The test

was prfomred once onl each hott on edpe ror :i totil of four (4) drops. ThIecre

was no dantage as a result of this toe't.

*rowing - P'a ra 4, 3.I3,R. * Th she Itvir t owod for a iriinir.;nr of. I HOf J'uet ill

eachi di rect ionl (.front if oca Ox 0I6t 'I. s t aspecL c f fivye ( f.) nilvhs ter

hour over rough tc rrain * As a pa rto t~h t towilly' test, I'iftir (4) r i tht -ingle

turns were made; thv turns verc rnmY i~it h thle inlitial :'si tinn 11U the Ivnnc'ituitlin I1

axis of tile shelter pe rimndikcular to L hr trueI, * and thle to. u YC of tile t nick

cli roct ly in line withI the I cad iii Cet-0' of tile shel tel. Thc 1111l h as :''ilde Oil



one (1) towing eye of the shelter, with no (n.inage to the shelter is I

result of the test.

Lifting - The shelter with an additional 2600 rounds to the 1200 pound lod,

uniformally distributed over the floor, was suspended by the four (4) liftirýi

eyes for a period of thirty (30) minutes. There was no undue distortion or

damage to the shelter as a result of this test.

~eee Fording - This test was started and stopped because of excessive lenkare

around the door gasket due to our inability to adjust the required compressa-

bility between the rubber and PF gaskets.

At this point, Twin Industries was instructed by the Cont. ,1cting Officer's

Technical Representative, in a letter, (See Enclosure #. IV-2-8 ) to stop

teSts on the model and incorporate a new doer end ponel that included all

requested design changes, then re-test the shelter to specified tests.

As directed by the letter from the Contracting Officer, all tests were

stopped. The shelter rear wall was removed. A new will was fabricated anld

installed. The raw edge around the inner door frame was riveted. This

course of action was taken in order to eliminate delamination initioted in

that area. hat section structurals were added between shelf and door.

Doubler plate was added on hinge side of the door.

After aMsembly of the wall section, the completed shelter was re-scheduled

for re-test in the order submitted by the Sipgnal Corps Agency as indicnted

on linclosure # IV-2-8 . Two (2) delaminntions existed inside the shelter

before resuming the tests, but did not enlprge durinp, the test.

Water Tightness Test - 11e surface of the shelter was smrniyed with water

from nozzles (Model 62?9S(Q mar~ufactured by Spraying Syster,( ro., •ell wond,

I I



Illinois) or equal. The ýiozzles operated at forty (40) pounds per square

inch. Dynamic pressure measured adjacent to the nozzles, were approximately

nineteen inches (19") from the shelter, and pointed directly at the shelter

panel under test, and located in a pattern to provide uniform coverage of

the panel under test. Nine (9) nozzles were used for each end panel and for

each side or roof panel. All five (5) expcsed panels were tested for

forty (40) minutes each. More than one panel may be tested at a time if so

desired, and Twin Industries took advantage of this exception and tested all

panels at one time. No additional caulking, taping, etc. was used during

this test. The shelter was dry and indicated no evidence of leakage as a

result of this test.

Deep Fording - The shelter, secured by its tiedovns to a suitable platform

serving as the sinking device, was submerged foi a period of one (1) hour

in water to a depth of thirty (30) inches above the bottom of the skids. N o

special fording kits, or additional caulking, taping, etc. was used in the

performance of the test. The shelter %.:is dry and irdicoted no evidence of

lcakagc as a result of the test.

Vehicular Transport - The shelter was r ounted on a 3/4 ton 4 x 41 M'-37 Trucl,

mild was transported over a 350 foot ipproved obstacle course. The tustn

were run at S nph, 10 mph, 15 mph and 20 mph. T'cii (10) lnFs u' were carplet d

at cach sepnrate speed. (One lap is defined Ps triversing the course in

both directions). 1the shelter showed no evidence of clamonre v:s a result nf

this test.

!'ailroad Transport - 'lhte condli Hion1 vr thlik r vv-t es I y rt i ident icrto t he

1)rViOUS. 'rho followtig is tV rUstiIst:

Impact '1 - Pnoor ILtld -*9.37 tinh

The upper enclosure ni les wrinllcd just forward of the c.stir~js I,

mflcs



both road and curb sides. This was believed to be due to the
shortening of the lifting eye castings which have been lengthened
since the test.

Buckled outside Fkin slightly in the area between legs of the hat
section running along shelf area, on the door end panel running
both sides of the door.

Outside skin broke loose at edge of door jam approximately 2.0
due to two (2) rivets missing in this area.

Impact #2 - Curbsido - 11.16 mph

Engineer failed to stop locomotive in time, whereby engine and
loaded gondola car impacted test car with shelter aboard at
11.16 mph. The total impact weight was 403,300 pounds.

Inside skin along ýoor jam broke loose in a small area. There
was no further damage as a result of Impact #2.

Impact #3 - Roadside - 8.63 mph

There was no further damage as a result of Impact #3.

Flat Dror Test - The same conditions and requirements were met as in the

previous flat drop test. The shelter showed no evidence of daumac as a

rcsxult of the test,

Totationil Drop - The same conditions and requirements were met as in the

previous rotational drop test. The shelter showed no evidence of damage as

a result of the test. C

Wator Tightness Test - The soielter iwas placed in the rain chamber for a

pe-iod of sixty (60) minutes as in the "irst previous test. At the completion

of the test, approximntely two (2) ounccs of water was noted on the floor of

the shelter near the door moening. The remaining surface of the shelter

remained dry througheut tV-,, test.

Deep Fording lest - The i seiter was ret-,,r ed to the deep fording tank for

sixty (60) minutes as in t:i first pro% ,,us test. At the completion of this

test, the inside of the slelter remriný:c' dry.

.11.



Shielding - The shelter was to be designed to provide an attenuation of

at least 60db to electric and magnetic fields and to plane waves in the

frequency range from 0.15 to 10,000 MC with the doors closed.

The shelter initially failed the RFI tests because silicone rubber adhesive

was discovered between the moncl mesh and the aluminum extrusion; therefore,

insulating the required conductive contact rot proper PFI. In the final

tests, the gasket was removed and the adhesive cleaned out. Steel wool

(which cannot be used as a gasket) was used only to demonstrate that if a

satisfactory PTI gasket material and applications hnd been applied, the

shelter probably would have passed the test.

The Advanced D)evelopment Model #1, after repairs and retesting, weighed

442 pounds. This increase can be attributed to the replacement of the new

door end panel. Additional. adhesive and sealer was used in manufacturinp),

and assembly of the wall.

With the test comipletion and final acceptance of the S-318 Shelter, prepara-

tions were made for shipment in accordance with ,n acceptable mode of trans-

portat ion.

Engineering procceded to up-date for final release, the drnwinp rffected by

changes resultinp froiM testing and re-testing. The new changes which resulted

from failure through testing were incorpornted into the new door end panel.

rTo strongtlenload bearing capncity of the mnin door, a bnck-up strip of

aluminuin was incorPornted behind the hinge.

A hat section structural wt's :'ddod to the door end will between tie door

framc and outer walls, thus decreosing shiftirg rinrent of the shelf portion

of the shllter.

-12-



The door handles ucre changed to a heavier type handle which incorporates

an oater lock with an emergency release haso operable from the inside of

the sholter. The hasp was used on the auxiliary door only. There was no

requirement for a hasp on the iaain door because, in the event the shelter

was loaded aboard a truck with the tailgate up, the door even though

unlccl'ed, could not be npened. The use of an outside heavy duty lock was

intended to discoLrage brcaking and entering of the shelter by pickin, the

lock which previously had been incorporated in the door handle.

The exposed edge of the inner skin around the periphery of the door was

riveted to insure decrease of delaminations caused by rough handling.

With the incorporation of all engineering changes in design, a complete set

of reproducible drawings were reviewed, checked and re-submitted to

Twin Industries for incorporation of changes to the ornginals. The drawings

were revised in accordance to the marked nrints mind re-submitted to

Signal Corps Agency as final.

In September, 1964, the completed shelter was shipped to Clifton, New Jlersey,

for further development with equipment instillation.

-13-
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(7
December 12, 1963

U. s. Army Materiel Supply Agency
Fort Ivonnouth Procurement OMfice
"Fort Yonnouth, New lersey

Attention: Mr. Frank Cavallere, Contract 49call8t
SELMA/FMTB 1b2R

Subject: Order )20-PM-62-91
Conutat DA-36-039-SC-90814

iW..ference: Amendment to Item: #4

Gentlemen:

In conjunction with meetings and discussions held at your facility
with our Mr. Dalber, we wish to -submit our cost and price analysis supplyln;
an Advanced Engineering Model per SCL-4366B and is restricted to Item #4
only. All other Items ot this contract remain as Ise

Fabrication~G!::- 4Wba i 3$00

$ 8258. 84

Overhead 1,228.16
Material 904.02

Design N60 @0$3.49 $1,256.40
DraftIng 480 bra.1

2;, 931.00
Overhead @ 0. 1, 758.90
material 125.00

Q.2pi~ng ftregaraftom 35. 00

1-4=1,1ht Q33.70
TO-0~1n* L Q 200

$8j,417.2d

G&A 37-8.7

$ 8,798.07

-... . . ,.• _ -. . ....



L ~IZ e_
U. -6 Army Materiel Supply Age.az .2- December 12, 1963

Total Cost $ 8 798.07
Profit @ 10% 679. C-1

4AFcF LEMSS EsTm n 9, 67b. U8
Testing Cost

TOTAL SELLING PR!CE (Itp t4,

It must be noted that aIov testing cost has been reduced by $4, 300
from previous verbal quote due to thn receipt of a firm quote for the Munson Road
Test from Aberdeen Provlq Grow•dor

As also dsc zed,, plea.e nod an alternate proposal offering a almuloted
IV.unson R~oad Test as xialalaie et our Ifacility for a nominal amount. This

alternate proposal fi•ther aes the cost to the Government of an additional
$3,000.00 in the hig and low temperature tests.

Where ortgln ak lt • ou Intention to perform the Solar Load Test
In six (6) cycles and Low TenkAture Tests to Mil Std 169 In three (3) cycles
(steps 5 through 10), we are now ýolng to perlorm the Solar Load Test In three
(3) cycles and Low Temperature Tests as stated above.

Total dollar value oi otw aternate propowl would be as Wo11ows:

Selling Price Less Teslng $ 9,8T75.68
Alternate Testing Cost

= -MI!W dge (Am a2298(3._W0

If our alternate proposal Is acceptable and Twin In strIes Is to per-
kvm the Mtum RoA Test at this ftelIty, a Government Iralsh Truck to
required.

Thn you for your pd in Wei matter*:

Very trio youre,

Peter A. L•Ces
Contraet magaeOWE WL PRODUCTS ==ION

PAL/mar
CS-12-25-03

bcc: Messrs. 9. K Uaibor " E. Summers'
, . L, Hebburgh (Mrsi) M. Scalise

i Jo~rm .T. Lcx.



7WTM 9040H QOUPAWT
TCBLQcC-96 AIRCRAFT lMS&ILa S I/MCL.-

i- ._AM3S•T FOR••3•O•SZZ'
RE1~ FO -IB ORATORY BERVICI

Report No.________

Vendor ,_ .. Materal,-__4 244- Date yi-ed-eg. .

P.O. No._ __Batch No._ ___ _po. No. __ L -_ý_e6

R.;. No. Quantity j Vendor Cert.
Received %'s4nOs Rec'd. 1F

Contraot_... .._____
yes no

Obleo 01,o Test:s.~~q

Storage Re-

Requested by: Dept. &=3r- quirements

TEST .REPORT 'Date
o No. hour

•o~, eYt'10 o• -o•z~l ./.•T" Req'd__._-_....

s * ,167
Resultas

Tete by. •911 v

'•ox ' 'Retest DoUo
T'o



-'TWPV GOAGH r(30iPAWf
•B•B-QC-26 AIRCRAFT MIFSILEg leSVC1. 274? - 2 .,

RW1JET FOR I&BOBATORYf SERVICE

/ Report No.

Vendor ...... . Material1/.r- oRo Date T'-e 4C4,

P.o. NO__ Batch No0. SSpeo. No. FCe-.43T -

R.R. No.____ _ Quantity Vendor Cert.
Received________________ Rec'd. T

Contract-_______L L
Teo no

Object of Test: . - • + ' -

, • . jStorage Re-"

Requested by. . Dept.' ,quirements

TEST REPORT Date

Req' d_________

Resulta .

PAO) &-&ofP#O ., -Vi

1tF.4.. •/o .'? ,4P .V" - -

iya d#*d,,f,, s, * /'dP.6,sP~ #p' a. -,,.q[M,•", :

, Toa ~ l _,......... ..
we 0

To: Retost Date_ _

S.



TWT9 OOAORH GOPA•Y
.CB.-QC-26 AIRCRAFT MISSILES ZNWCZ. z 2-2

"WUEST FOR LABORATOR•YG ERVICE

Report No.

Vendor . Material .'o-*. ,qe . oe Date .2- &4-".

P.O 0 o.._,_, Batch No.' Speo. No. •13gAA

R.R. No. Quantity Vendor C,.rt.

Received P .v*H& eo'd. jjContract 7 l
yen no

Object of Test:

Storago Re-
Requested by: Dept. !* quiremnts

TEST REPORT Date___
Z2;Iv. *P4wv.9?Se No. hours•:, *p •p. Req'd________

/

Results:...I 7

hapSn .,, 0 0',, . a *,. .rJ00,2o 0-0

See

"" , , ,4 ,. , ^vedkw ,. .,* y. ? djwv.

$ tt Date_

a A



IM CiOCACH COUPW ZV$ . 2-
TCB-q-2g AIRCPAT 'MISSILES.

UB MT FOR IABOB&TO1IC BERVICE

Report No._______

Vendor a MZ4 rial. Date 16:9

P.o0. NO Bettch N o.. ipeo. No.ýv a

R.R. No........ Quantity Vendor' Corte
Jeaelve d ~ Reocl.dIfI

Tooa no

objectof Tests

4Storage Re-
'Requested by. :' e-# ep.,qlrmet

MTS RyonT Date
Noe. lir

0= e f~ *p .Pv P VT/0,

l~esu~R I -

~^j

I 0N4 06;. .00 k4m

04V0.bJ -44 e..we&:1 00 4 . -4

1"U L"9 _jip b

I A



TWIN COACH COMPANY
Cfl-qC-28 AflRCR&PT MISSILESjyci T2-

mumES -volt L&RAT0If B3RV-11:

.A' '7-4 Report No.

Venor d r Material_________ Date~
P.O. No. Batch Ace 0pc. __0____

L.R. No.______ quantity&9 Vendor' Corte

Contract________ L.ecei.J L.......J
yes no

Object of Te*6A.,

0 ? ,P/i Storage Re-*
Requested by: De..quirements_________

WT RAEPOR Date_________
&4 0 oe hLours

, ~~~~Req t d___ ___

Results$

01;,

Retest Dote



TWIN COACH COMPANY e/c
-25Cw9 AIRCRAMTMSI1

REMUS FTOR LABORATORY B-WV121

090o Report Not______

Vend*r_______' Materia;1A 9d'pe Date /-'

P.O. ANo. o* Batch N~o. Y?, Spec0. N~lj4-4

LR.R No....., quantity Vendor.Cert.

Contract 0esie EDodJ~~
yes no

Object-or Test:

BStorsge Re-

Requested bys a Dpt$ q~~ruirement

______R__O_ Date S-V'-,#

Al&wReqld____ __

atr e), I rj

(I) r4

(2)te b'f ~*.I

To$ 

,eetDt



TWIN COACH COMPANY

TCB-QC-26 AIRCRAFT MISSILES E/vz 42 - 4
R&UEST FOR .ILBORATORY SERVICE

Report No._ ______

Vendor .. .. Material O Date .?-/ -d,

P.O. No. Batch No. ____Speo. No 6 A...-366

R.R. No._ _ _ Quantity Vendor Cert.
Co.tra.tReceived______________ Reotd. - li

Contract
yes no

Object.of Test: TXKO'. k 4Fs,.og ivopq 7.00-v . piq f

Storage Re-

Requested by: , Depo.. _quiemenlt5. , . .... .

TEST REPORT ' Date_ _ _ _

" K No. hours
Req' d ... . .

Results:

'6' F" '7"6 eu .- Dd

Teest" _.Approve

U .L _- _-_ -_ -_ _ --_ -_ -_
o.Rotet Date

To



TCB-QC-26 AIRCRAFT MISSIM~ a-//_z -4
R 1Q$T FOR IABORATOR! SWEVICE

Report No.

Vendor_____________ ri Date hj-ij_46,y

P.O. No Bat ch 1(o._______ Spec.N.~ ~.6 1

~.. *________Quant Ity Vendor Cort.
-eceived_____________ Roodd

Contract oe~iaz - &M 2-Wof El
Too no

Objeat of Test: Seai pi &.(7IA IMP'f-w A

y I'VV WA 1.1- Storage Re- dL lAi,2

'Re6quested bY*. 89 Eet NC. qurmet

7Ap.%6' Z~~L~ EST REPORT Dt

Results:

*~~~~C '4j DES 4IFj. '

colltf.ýk, Oar

Test~ b ir4 .. pOýIb

l1etemi Date -

Tot.
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HEADQUARTERS * 44
UNITED STATES ARMY ELECTRONICS COMMAND

UITED STATES ARMY ELECTRONICS L.ABORATORIES
FORT MONMOUTH. NEW JERSEY 07703

fN REPL.Y REFER TO:

AMSEL.RO -ODO
5635 12 9770o6 8JUL1964

The Wheelabrator Corporation RECEIVED
P. 0. Box 68
Sayre, Pennsylvania JUL -9 1964

Attention: !'Ir. LaCesa., Contracts Manager P. A. La CEA

Gentlemen: UWI~U? v~~

These laboratories have reviewed the progress of the acceptance tests of
Shelter, Electrical Equipment S-318( )/G being developed by yovn ccapay 'uder
Contract flA36039 SC-9083-4.

It is the opinion of these laboratories that the shelter does not meet the
requirements of Specification SCIP14366B in that:

a. Dur'ing the vehicular transport test the ime akin of the door%-ad
panel delwminated above the shelf on the curbside.

b. During the rai~lroad transport test the welds at the top and bottom
of both vall members adjacent to the door cracked, and the lowe end of the curb..
sid member wea considerably displaced from its original location,

The fixc vhich was subsequently made to the damaged wafll wmbers appeared to
have corrected the mechanioei deficiency. However, the patched shelter no longer
meets the specification requirments in that rivets were mnployed to refasten the
inner sdit In, the vicinity Of the IfS., Therefore In view of the fact that the
vm3.2 members adjacent to the door could not be oel welded a&d since vs have
no asummanc that the bonded but uwiveted *wrould pains the tests, vs mst,
ask that the shelter be retested In its final design state.

You ane therefore lnstructe tot

a. "to tests on the model sumdtted*

b. Provide a s"eter with a door-end pnJEQ L4fPbme
_& wbshae pAnned. to be perb of the finul design at theshS fUL 1



A}ML-RNDOD . JUL 1-4
5635 12 977 06
Contract D36-039 SC-908114

weight reduction items. In so doing you are authorized to employ mechanical
fasteners on the inner skin raw edges of the doors only.

c. Conduct the following tests on the shelter in the order given:

,iI) Watertightness (paragraph 4.3.2.2)
..-(2) Deep Fording (paragraph 4.3.3.10)
4 Vehicular Transport (paragraph 4.3.3.1)

Railroad Transport (paragraph 4.3.3.2)
k5) Flat Drop (paragraph 4.3.3. 6 )
J.6) Rotational Drops (paragraph 4.3-3.7)
iQy) Watertightness (paragraph 4.3.2.2)

Deep Fording (paragraph 4.3.3.10)
Shielding Effectiveness (paragraph 4.3.6)

FiMaly, you are requested to inform the Contracting Ofioer as to the esti.
mated cmpletion date of the above and to keep these Laboratories infomed as to
the progress of the a bove and as to the scheduling of the above tests.

This letter shall not be construed as authorising a change in contrast price,
quantity, qualityp or delivery schedule.

very truly yours*

CHARL)M A. ZEIAIM3
Contracting Officer's
Technical Represerdative

I'
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V. CONCLUSIONS

The advent of the S-318 Shelter was well received as a challenpc with no

immediate area of serious problems.

The intent of the engineers responsible for development was m:'inly two-foldY:

Weight - To be compact in size and weigh as little as design

would allow.

Strength - Dependent upon v:uipht to supply as much strength in

the critical usable area as design would illcw.

The skids proved to be a major problem and investigation of material and

shock function design was laborious. Using circular elastomers designed

for special shock loading made height requirement more than the requirement

would allow. During actual test, evidence of bottoming and jamming of skid

encasement posed additional problems before attempting a protduction run.

The recommendation to remain with a solid type skid proved to be an immedint,

answer to additional design time that would be required for extensive investi-

gation of shock skids.

The initial weight requirement was 300 pounds, but was progressively increased

to 430 pounds. Throughout the mnnufncture and assembly of the component parts

of the shelter, material weipht accuinmulation was next to impossible to control.

Adhesive, sealer and paint applications were proven to le the most difficult to

control. Added splices and back-up strips necessary for the strength require-

mont also added to the overall weiklht. The finail S-318 Shelter does not exceed

415 pounds, as previously stated. Additional structure.s and/nr wntlificatiol:s

can be incorporated without nliprecinlek weight incrvant, over th- ,1530 ioutIl

requi roment,,

a-l-



With the manufacture and assembly of five (5) S-318 Shelters, Twin Industries'

knowledge of fabrication and assembly increased. Each shelter reflected

excellent workmanship aiad conformance to -7ceptable manufacturing procedures.

Wall members offered adequate support, but spot welding was not acceptable

and proof of this was established (luring railroad tests. Through testing of

various materials and spots, more shear and tensile loads were established.

In order to maintain this desired effect, rigid inspection was imposed onl

the line to insure that spot welders maintained their equipment and standard

for better spot control.

RPFI applications were carefully analyzed and production procedures established

to insure excellent shielding be guaranteed. RFI shielding of shelters had

reached a point where it became imparative to control the amount of leakage

into and out of an enclostire. Many new and valued tips on effective shielding

was estblished after the initial tests. Itemized procedures have, and still

are, being investigated to instruct and control applications of shielding on

a production basis.

Material selection became troublesome due to the fact that almost ovry specimen

tested resulted in either greater shear or tensile, but never both nt the same

time. "liese varintio.s hampered designability. Conformity Pnd interchange-

ability to the extent of covering ;tll critically loaded areas properly with one

type of material, was the foremost thought throughout production.

-2.-
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VI. IDENTIFICATION OF 'PIE.RSONNEL

Personrel associated with the Thinwall Lightweight Shelter Project

currently identified as the S-318()/G Field and Mobile Shelter:

William E. Ciccnre)li - Chief Engineer
Twin Industries Corp. at Buffalo, N. Y.,
February 196. - June 1962

16ourt F. Geiger - Director of Engineering
Twin Industries Corp. at Buffalo, N. Y.
June 1962 - June 1963

Donald J. Cline - Chief Engineer
Twin Industries Corp. at Buffalo, N. Y.
June 1962 - November 1962

Frank Lakowitz - Project Engineer
Twin Industries Corp. at Buffalo, N. Y.
August 1962 - June 1963

Michael E. Pniber - Enginoering Manager
Twin Industries Corp., Special
Products Di.vlsion, Sayro, Pennn.
June 1963 - January 1964

James Woodend - Engineering Mnnager
Twin Industries Corp., Special
Products Division, Sayre, Penna.
Janunry 1964 - Present

Eumund P, Moore - Engineer
TWin Industries Corp., Special
Products D)ivision, Sayre, Penne.
January 1964 - Present

Benjamin MArgerum - !!ngincor
Twin Industrivs Corpu,, Special
Products Division, Snyre, Penna.
January 1964 - May 1964

iiI'



VII. OVERALL CONCLUSIONS

Engineering, upon receipt of the initial order, carefully investigated all

areas surrounding the design, selection of material and fabrication. Due to

this shelter being the first of its kind and as an eventual replacement for

the S-153 and S-144 Shelters, it was the intent of the Engineering Department

to produce a design which wo'tld be capable of meeting all standards and tests

required of this new design.

The problems that resulted from one point of work to another were dealt with

to achieve the best possible solution, from a labor standpoint as well as

time standpoint. Constant supervision of the Engineering Department enabled

other departments to coordinate more freely to accomplish the required results.

The only lost part of the first shelter was witnessing the final test results.

By the time the contract was transferred to Sayre, the kii,,,ledge gained from

the first Development Model was of great value. The questionable areas result-

ing from the tests of the first shelter were revised extensively to meet the

rigid test requirements set forth.

Through close coordination with Engineering, Quality Control become more in-

volved regarding the tests and acceptance. After witnessing the tests and

their results, 1inginocring then became more familinr with specific problem

areas such as the door end failure .nd RFI ayplication and were able to satis-

factorily re-design and eliftnate future failure of these areas.

Quality Control, through thi initial manufnctitrinp ind assembly of the first

$-318, established a great deal of information that would refloect on all future

units. Although Quality Control was not reprosented for the tests of the .S-318,

i~1
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they did maintain a high standard of quality on all parts manufactured, fabri-

cated, purchased and assembled.

When Quality Control assumed responsibility for testing of the shelter, no

details or effort was spared to insure the shelter would meet the design re-

quirements. All test data was, and still is, being evaluated for additional

improvement to the shelter for future procurements.

With the completion of the contract evaluations on tests, manufacturing proced-

ures, coordination between service departments and Quality Control were analyzed

and revised to include more flexibility and smoother activity flow.

It is evident with the accomplishment of the S-318 Shelter design and revised

company procedures, the capabilities of Twin Industries as a shelter manufacturer

are second to none.

2
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VII I. RECOMIMENDATI ONS

The unstable properties of 7075-T6 aluminum sheets are erratic and difficult

to work due to the thin gage of the material. Spot welding must be closely

supervised in order to control for burn, adhesion, nugget areas, and the

walking of material as welding progresses. Going to a slightly larger spot

granted an additional 40 psi which can be appreciated in this type of structure.

Closer inspection of the welding of the door frame, jam, floor and shelf

framework, to insure proper penetration of all welds, leaving weld bead on

the part, where possible, rather than grinding, would add a small amount to

the total weight of the shelter, but the end result would be an increase in

strength.

Because of the design and shape of the door and jam extrusions, silicone

bronze or some other agent should be used to dissipate intense heat during

welding to reduce creepage and warpage of the frames.

Material 7075-T6 forming qualities are not ideal. Forming on this material is

difficult and extreme caution and care is recommended to avoid stretch cracks

and tears due to poor elongation and forming qualities. Pigid inspection is

important in order to maintn'n a hi/:h degree Of quality.

Application procedures and Quality Control stnndards should be initiated prior

to fabrication regarding proper shielding methods. !.1hen using VX seam caulking

coomound, which is applied by a spatulae, consistency is hard to mnintain.

VY caulking compound is equivalent to VX, but has the rapahi lities of being

applied through a tube by Land or air pressure, thus tonding to rivc density

consistency for bettor shieldinr properties. Application procedures should

S-1- I
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include correct application of RFI duo-gasketing. The gasket should be previ-

ously coated with an adhesive rather than applying adhesive at installation.

By doing this, it would not be so easy to run adhesive onto the mesh part of

the gasket, therefore, breaking continuity, between surfaces.

A more flexible specification should be initiated to elaborate on the different

frequency spectrums involved in testing. MIL-STD-285 is the only suitable

applicable specification available, but its primary use is for screening room

in which there is a decisive difference in materials and their shielding proper-

ties as compared to a shelter.

Incorporation of a more suitable gasket mesh for shielding is desirable. Monel

is fine in a medium frequency range, but would not be able to pass a .14KC or

1KMC requirement without extensive alteration to the shelter. Tin is very fine

but does not have the corrosion resistane qualities of monel.

Resistance seam welding is recommended on attachment of outside skin edges to

the extrusions. This would reduce minute cracks which are areaway for frequen-

cies to escape into or out of.

Lifting casting length increase which would add another structural pick-up

point would increase the overall strength of the shelter.
I

With the revision of core material, it is rocoirmen~led that 1ID300 series from

Dow Chemical be used in place of Zorocell. This newly developed core material

has a 2 to 5 pound density; average of 3.3.pound density. It can maintain a

minimum of 200 psi.

To insure proper squareness and flatness, bonded panels require that:

4. Skins must be flat; dents, wrinkles, bulges and oil cons
must not be tolerated.

-2-
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2. Internal details, such as foam core structural members and
insulating strips, must be of matching uniform thickness.

3. Foam core must fill their respective areas completely.
If not, adhesive will, thus increasing the overall weight.

4. Adhesive must be applied only to the bonding areas in
uniform film of even thickness.

5. Flat, rigid overlay plates must be used when bonding, in
order to cover the entire surface which is being bonded.
Step structures, such as the shelf and floor assembly,
require a rigid and accurate form to nest outer skins.

6. Braces should be used when framing door, windows, access
panel, and openings.

7. Bonding pressure must be applied evenly over the entire
area of overlay plates.

Metalizing through flame spray may be an answer to increased PFI control.

Shielding effectiveness, as well as weight, application methods, and cost

estimates, are currently under investigation.

A more suitable method of bonding the foam into the horizontal hat sections

in the door and front end panels is also under investigation.

I
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